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Introduction
High-purity silicon is widely used in solar energy and electronics.
The world's leading laboratories develop new methods to obtain high-purity silicon today. In most cases, technological schemes are based on environmentally hazardous method of its chemical obtaining, using metallurgical silicon as raw material [9] .
Receiving of silicon through direct carbothermic reduction of high-purity silicon using reducing agent that contain pure carbon is the potential source of solar marks of silicon [12] .
The method of raw material (quartz send encapsulated with pyrocarbon) receiving for further carbotermic reduction developed at the Gas Institute of National Academy of Science of Ukraine applies the electrothermic fluidized bed.
During the passage of current through the fluidized bed particles microdischarges appear, affecting the passage of processes of quartz sand encapsulation by pyrocarbon.
Analysis of research and publications
In IHME AS of BSSR [4] the conditions of arc discharge in fluidized bed of graphite particles at different relative expansion layer and temperatures were studied.
Experiments were carried out in column with diameter of 62 mm at constant height of layer equal to 100 mm, using two pairs of horizontal electrodes, one of which is used for heating; another is used to measure voltage of arc ignition.
It was shown that for all analysed layers the voltage of arc decreased almost linearly depending on the temperature of the layer.
Layer heating from 20 to 1000 º C resulted in the decreasing of voltage of the arc ignition from 100-120 to 60 V/cm.
At temperatures higher than 1000 ºC, both autoelectronic and electronic emissions impact on the current transfer in the gas. It leads to the increasing of current density in gas discharge.
Discharge switch from spark to arc is also possible.
Due to the fact that argon was applied as the fluid agent, the influence of reaction of fluid agent decompounding was not taken into account.
This can be considered as limitation of this experiment.
In paper [10] the method of research of electric characteristics of fluidized bed, in which current rate that passes fluidized bed is changed in accordance with maximal temperatures, that increase while heat layer admission, is provided.
However, while using this method it is difficult to assess heat losses through the walls of the device and with fluid gas layer due to inaccurate determination of heat transfer coefficients in empirical formulas and complexity of their direct measurement in the experiments, especially in hightemperature fluidized bed.
Experiments previously carried out at the Gas Institute [1, 13] in reactor with a diameter of 100 and 200 mm, with coaxial arrangement of electrodes have shown that layer temperatures of 2000-3000 ºC may cause the creation of arc between central electrode and the fluidized bed.
Fluidization was conducted using the mixture of gas and air (α = 0,25), the field strength was 22-23 V/cm.
It was found that in the Electrothermal Fluidized Bed (EFB) low-temperature gas-discharge plasma appears.
In papers [5] [6] [7] the process of obtaining of silicon carbide in EFB was researched.
The authors draw the following conclusion: Electrical discharges between particles establish microplasma field and destroy chemical bonds in reactant's molecules.
At the same time, high-energy activation of reacting components takes place and high temperatures occur in the EFB reactor.
It should be noted that internal heating of quarts sand particles while current passing is principally more effective for heat exchange than its heating with hot steaming gas.
Taking in account all the mentioned above, we can conclude that microdischarge plasma has the significant influence on the chemical reactions passing.
There are the following unsolved problems: determination of the mechanism of the passage of electric current through the particles of EFB, dependence of parameters of quartz sand encapsulation by pyrocarbon on the type of microdischarge.
Objective: Investigation of the thermal influence of microdischarges plasma on the particles of quartz sand during the pyrolysis of methane.
Experimental methodology
Studies were carried out in reactor with EFB, developed at the Gas Institute of NASU [2] through pyrolysis of methane.
The reactor includes a cylindrical outer casing, inside which there are two heat insulating layers: external thermal insulation in the form of refractory bricks and internal insulation that is made from carbon black (soot).
In the internal part of heat isolation the reaction chamber with Fluidized Bed (FB) was installed.
Central electrode (anode) is installed in the reaction chamber. Cathode is the graphite body, in the walls of which the copper electrodes are built-in.
Experimental methodology, principle of operation and additional results are described in papers [3, 11] .
Mechanism of passage of electric current in fluidized bed
If the pair of electrodes in the form of plates will be loaded to the FB of conductive particles and energized, the needle of ammeter that is included in the circuit will oscillate around the average mean.
FB is two-phase system in which particles of solid material are in the suspended state under the influence of flashing gas flow that is uniformly distributed at the facilities section.
The transition from the dense layer to the FB is accompanied by increased hydraulic resistance, while increasing the rate of gas filtration.
Electrical resistance of a dense layer of loose particles is extremely sensitive to the method of slumber, shaking the reaction zone of the layer.
It is the indicator of the unstable contact between particles.
Minimal gas filtration through dense layer leads to disruption of the weakest contacts between particles, redistribution of the ways of electric current passing occurs.
Current goes through the most compacted areas of layer that is filtered, gas velocity increase leads to increase in the number of broken contacts, that is accompanied by increased conductivity.
When fluidization numbers are close to unity, i.e., when the gas velocity significantly exceeds the speed corresponding to the stability limit of a dense layer, the FB represents viscous, low boiling liquid.
The upper limit of the FB is higher than the limit of the dense layer. It leads to the appearing and disappearing of humps that are caused the fact that part of layer raises the gas pimples to the surface.
The appearing and development of gas pimples leads to the fact that the FB becomes inhomogeneous.
In place of gas pimple passing the particles are separated, in other areas there is layers seal.
Local pressure fluctuations associated with the heterogeneity of the FB make individual particles and groups of particles touch each other and the surface of the electrodes.
Along with fixed contacts the sliding contacts also appear. Current pulsates around the mean value, which depends on the voltage between the electrodes and the surface of the electrodes contact with layer.
The formation of microdischarge plasma in Electrothermal Fluidized Bed
The passage of electric current in the FB of conductive particles is accompanied with the formation of microspark discharges.
In the relatively low voltage (80-100 V) at the electrode surface and in lower extent in the layer of particles microsparks appear and disappear.
The density of microsparks increases with decreasing of gas velocity.
The main process that causes the spark discharge is the emission of electrons under an electric field influence.
In the FB the distance between the surface of the electrodes and the adjacent particles and between particles varies in a wide range.
When the distance between the particle and the surface of electrode is about micron, field strength is sufficient for the occurrence of spark.
Thus, EFB at low temperatures may cause the occurrence of microdischarge plasma in the form of micro spark discharges in a limited volume of layer due to electron emission process.
At temperatures higher than 1000 ºC, both autoelectronic and electronic emissions impact on the current transfer in the gas.
It leads to the increasing of current density in gas discharge.
Microsparks discharges transition in microarcs does not lead to significant voltage drop across the electrodes.
However, layer heating rate increases, and FB electrical resistance decreases due to partial ionization of gas.
While the electrical intensity between electrode and particles is crucial for the occurrence of a spark discharge in a gas, the temperature of electrode, particles and gas, raising of which increases the rate of gas ionization under the influence of thermal and photoelectric emission, is very important for creation and maintaining of arc discharge.
Pyrocarbon deposition on the quartz sand particles
Activation effect of quartz sand surface is represented, first of all, in initiation of molecular and radical transformations (1-5) in the gas phase in the boundary of FB in Kassel's scheme [8] :
After the experiments conduction, the appearance of quartz sand particles changed shape and colour.
Depending on the content of pyrocarbon particles have different colours. Fig. 1 shows image of pure quartz sand before loading of it to the reactor with EFB. At 70 % mas of pyrocarbon particles become darker, luster appears.
Particles are black, have reduced luster compared to the particles with a carbon content of 30 %, have rough shape.
It can be suggested that carbon was in the liquid phase.
We can assume that the temperature of particle was much higher than 900 o C fixed by thermocouple. Photos of particles of quartz sand with 90 % carbon are shown in Fig. 2, c. 
Conclusions
The experiments carried out in a reactor with EFB have shown that with increasing of temperature leads to increase of the electrical conductivity of particles fluidized bed.
However, the determination of the temperature of the formation of single particle while the microdischarge creation is impossible with modern methods of research.
In EFB at temperatures less than 1000 °C microplasma discharges exist in the form of microsparks.
At temperatures above 1000 ºC switch of spark discharge to the arc one takes place.
All the factors mentioned above allow to intensify significantly chemical reactions in the reactor.
In the case of arc discharge, particles have more intense black colour and a larger pyrocarbon content, it indicates that the hydrocarbon perhaps was in the liquid phase.
More detailed description of heat influence of microplasma discharges requires further researches.
The obtained quartz sand encapsulated by pyrocarbon is used for further study of carbothermic reduction, in order to obtain high-purity silicon.
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